Lipid oxidation leads to meat spoilage and has been reported to cause adverse changes in the flavour and texture of poultry meat. Vitamin E has been found to be effective in delaying lipid oxidation. The aim of this study was to determine whether the vitamin E supplementation of chicken feed influences the consumers' perception of the quality of chicken meat under normal display and storage conditions. Untrained consumers (n 32) evaluated cooked breast meat from chickens (both corn fed and wheat fed) supplemented with 75 250 or 500 mg/kg vitamin E and after storage at 48C for 4 and 7 d. Factorial analysis found an interaction between vitamin E treatment and storage day upon the perceived juiciness (P¼0·023) and tenderness (P¼ 0·041) of the chicken meat. Perceptions of quality relative to vitamin E level were more evident on day 4 than day 7. When the two cereal types were compared, the time-related subgroup effects were observed only in meat from corn-fed chickens supplemented with either 75 or 250 mg/kg, which was perceived to be juicier (P¼ 0·018) and more tender (P¼0·020) than that supplemented at the 500 mg/kg level. These results imply that the two lower concentrations of vitamin E have some advantages over 500 mg/kg, but for optimal consumer acceptance of corn-fed chicken meat, we suggest that 250 mg/kg vitamin E should be added to cornfed poultry feed. There was no evidence to suggest any advantages in changing the current amount of vitamin E (75 mg/kg) used to rear wheat-fed birds.
Lipid oxidation has been associated with adverse changes in the appearance, flavour and texture of poultry meat (Jensen et al. 1998b ). Flesh discoloration, increased drip loss and the development of 'off-odours' and 'off-flavours' in meats are indicative of a lack of freshness (Gray et al. 1996) . Apart from microbial spoilage, lipid oxidation is considered the primary mechanism causing the deterioration of quality in meat products (Buckley et al.1995; Sarraga & Garcia Regueiro, 1999) , causing off-flavours or rancidity (Gray et al. 1996) . Different nutritional strategies have been explored in an attempt to delay the onset of lipid oxidation and improve the quality of poultry meat. These have included varying the feed in terms of the fat content, fat source and cereal type, as well as the addition of antioxidants such as vitamin C, carotenoids, tea catechins and vitamin E (Lin et al. 1989; Sheehy et al. 1993; Lauridsen et al. 1997; Jensen et al. 1998a; Bou et al. 2001; Tang et al. 2002) . Supplementing chicken feed with vitamin E has been found to be protective against lipid oxidation in poultry meat detectable by either chemical indices or trained panellists (Jensen et al. 1998a) . Few studies to date appear to have investigated the influence of chicken feed modifications upon consumer perceptions of poultry meat quality.
Studies that have carried out sensory evaluation have mainly looked at off-odour and off-flavour formation in response to vitamin E supplementation (Blum et al. 1992; Dewinne & Dirinck, 1996; O'Neill et al. 1998 ) while neglecting quality parameters that consumers perceive to be important for product acceptance. Preliminary research carried out by our group indicated that consumers defined poultry meat quality in terms of 'tenderness', 'juiciness' and 'freshness' (Kennedy et al. 2002) . The present study therefore explored these quality perceptions in addition to perceptions of flavour, appearance and liking in response to vitamin E feed supplements.
Previous studies investigating poultry meat quality have tended to use 'expert' or trained panels (Blum et al. 1992; O'Neill et al. 1998) . It has been argued, however, that, by the nature of their training, expert panels are unsuitable where commercially relevant judgements are sought (McEwan, 1997) . Untrained consumers were therefore used to make product assessments for the purpose of the present study. Furthermore, much previously published work has concentrated upon the effect of vitamin E on 'dark' meat from chicken legs and thighs, or minced meat patties from breast, thigh or mixed sources (Blum et al. 1992; O'Neill et al. 1998; Bou et al. 2001; Ruiz et al. 2001) . Existing consumer research indicates that 76 % of poultry meat sales are for whole or portioned products (Mintel, 2002) . This research therefore assessed the effects of vitamin E on perceptions of chicken breast meat.
The present study is also unique in that it compared evaluations of breast meat derived from two differently pigmented chicken meats (corn and wheat fed). Preliminary research indicated that the yellow flesh colour of corn-fed chicken meat can impact negatively upon consumer perceptions of the flavour and texture of the product (Kennedy et al. 2004) . Sensory assessments were therefore made under controlled lighting conditions to mask differences in product appearance. The purpose of this study was to investigate the impact of vitamin E supplementation at 75 250 or 500 mg/kg given to corn-and wheat-fed birds on consumer perceptions of chicken breast meat quality following storage for 4 and 7 d after slaughter.
Methods

Chickens
Day-old Ross broiler chicks (Carnview Hatcheries, Ballymena, Northern Ireland) from the same parent stock were assigned to one of six treatment groups and placed into pens with a stocking density of 34 kg/m 2 and a 23 h light, 1 h dark cycle, in accordance with the recommendations of the United Kingdom 'Quality Assured' chicken scheme (Assured Chicken Production, 2003) .
Feeding trials
Chicks were fed ad libitum on either corn-based or wheat-based commercial proprietary feeds (starter, grower (Table 1) , finisher, withdrawal), which were supplemented to provide either 75 250 or 500 mg vitamin E/kg feed. The chickens had free access to water. Chicks were weighed (group-wise) at weekly intervals, at which times group feed intake, litter quality and mortality rates were recorded.
Poultry processing
Feed was withdrawn overnight prior to day 42, when broilers were transported to a commercial processing plant where they were gas-stunned, ensanguined and eviscerated. At day 0 (kill day), following commercial processing of the chickens, whole chicken carcasses were hand-tied, packed, air-chilled and labelled according to treatment group.
Sample selection and storage
Broiler chickens from the eviscerated weight range 1·0 -1·8 kg were selected from each of the six groups according to an automated weight-sorting commercial system (Automated Quality Assessment Centre; Stork PMT BV, Boxmeer, The Netherlands). Following overnight storage at 28C, chickens were transferred to storage at 2 308C until required for analysis. Prior to sensory evaluation, chickens were thawed at 48C for 24 h and subsequently stored at this temperature for 3 and 6 d to represent day 4 and day 7 storage days.
Outcome measures
Overall product preference was assessed using the nine-point Hedonic Scale (Peryam & Girardot, 1952) . Evaluations of flavour, texture, juiciness, appearance and freshness were made using 10 cm visual analogue attribute scales employing terminology derived from previously published consumer studies (Munoz, 1998) and as suggested by preliminary qualitative research (Kennedy et al. 2004) . Scales were anchored at each end with the following sensory descriptive terms: flavour (bland -very chickeny), juiciness (very dry -very moist), texture (very tough/chewy -very tender/soft), appearance (not very appealing -very appealing), freshness (not very fresh -extremely fresh). A 10 cm satiety rating scale was also included. Demographic information and information on meat consumption patterns were gathered prior to testing.
Panel recruitment
Panellists (n 32) were recruited from among University of Ulster employees by means of poster advertisement, email communication and personal contact. Those volunteers who consumed chicken at least once a month were recruited. This resulted in a convenience sample that included all categories of staff. The sample was stratified by the National Statistics Socio-Economic Classification Standard Occupational Classification (2002) .
Product preparation
Chickens were weighed, wrapped in aluminium tin foil and placed breast side up in Pyrex roasting dishes. Products were cooked for 2 h at 2008C using a fan-assisted oven (Tricity Bendix Cook Centre S1510; Electrolux PLC, Luton, Bedfordshire, UK). the Pyrex dishes were rotated every 40 min to avoid any effect of oven position. The final cook temperature of the chickens was measured at the left thigh and breast positions using a handheld electronic thermometer (KM21 Food Check Thermometer; Comark Ltd, Stevenage Hertfordshire, UK) to ensure that a minimum internal temperature of 808C had been reached. The chickens were drained of juices and the final cooked weight assessed. The left and right breasts were removed from the chicken carcasses, portioned for panels, covered in aluminium foil and held on a bain marie at a temperature of approximately 708C prior to being served to consumers.
Sensory evaluation
Assessments took place in a purpose-built, four-booth sensory evaluation laboratory and were held during both morning and afternoon to minimise any diurnal effects upon judgements. Consumers attended a total of four panels, at each of which they were required to evaluate a total of six chicken products. Yellow filtered lighting was used to mask the differences in product pigment. Hot samples (approximately 20 g pieces) from the same locations on each breast type, for example, cranial (anterior/ wing position) or caudal (posterior/thigh position) position, were used for sensory evaluation. Samples were coded using random three-digit numbers and served singly, with the order of presentation counterbalanced. Products were evaluated in terms of flavour, juiciness, texture, appearance, freshness and overall liking using the scales described earlier. After evaluating each sample, participants were required to press a buzzer so that the sample could be removed prior to the participant being presented with subsequent samples. Panellists were instructed to rinse and swallow still bottled mineral water between samples. All participants received confectionery upon completion of the taste panels.
Data analysis
Visual analogue scale ratings (in cm) and the hedonic liking scores were allocated to the appropriate product following decoding of the sample numbers. Statistical Packages for the Social Sciences (Version 11 SPSS UK; Ekrath, Germany) was used to analyse the responses across the product conditions. A 3 £ 2 £ 2 factorial design was used in this study. The variables investigated were vitamin E (three levels -75 250 and 500 mg/kg feed), cereal type (two levels -corn-and wheatbased feeds) and storage days (two levels -day 4 and day 7). Multivariate ANOVA was used to determine the effect of the different factors upon attribute and hedonic judgements with post-hoc analysis using Fischer's least significant difference. A 3 £ 2 multivariate ANOVA was used to examine the effect of vitamin E supplementation (three levels) for each of the cereal types (corn and wheat) and storage day with post-hoc analysis using Fischer's least significant difference.
Results
Farm feeding trial mortality outcomes
The corn-fed chickens had significantly lower mortality rates than the wheat-fed chickens (x 2 ¼ 9·52; P, 0·01). The 250 mg/kg level of vitamin E in the wheat-fed boilers was associated with a higher mortality rate than either the 75 mg/kg (x 2 ¼ 6·88; P, 0·01) or the 500 mg/kg (x 2 ¼ 4·40; P, 0·01) supplementation level. In cornfed chickens, no differences were observed in mortality between the three different supplementation levels (Table 2) .
Test consumer panel
A total of eighteen females and fourteen males took part in the study, 84 % (27/32) of whom were under 34 years of age. The sample was spread more or less equally across socio-economic groups 1·2, 2, 3 and students. The panellists' average consumption of chicken was two or three times per week.
Vitamin E and storage day
The main 3 £ 2 £ 2 factorial multivariate ANOVA indicated that differences between the vitamin E treatments influenced consumers' appreciation of juiciness and tenderness of chicken meat (P, 0·1), but both effects were dependent upon time of storage before use (P,0·05; Table 3 ). Post-hoc analysis of the different vitamin E treatments and storage times indicated that the meat from chickens supplemented with the 250 mg/kg level of vitamin E was perceived to be more juicy than that supplemented at either the 75 or 500 mg/kg levels (P , 0·05) and more juicy after storage for 4 d than 7 (P¼ 0·022). In addition, texture ratings suggested that meat supplemented with the 75 and 250 mg/kg levels of vitamin E (P¼ 0·050 and P¼0·037 respectively) was perceived to be more tender than that supplemented at the 500 mg/kg level. Furthermore, meat supplemented with the 250 mg/kg level of vitamin E was perceived more favourably in terms of flavour (P¼0·025), juiciness (P¼0·022), freshness (P¼ 0·029) and liking (P¼0·031) at day 4 than day 7 (Table 4 ). The only feature that was rated more highly for meat stored for 7 than 4 d was the texture of meat from the 500 mg/kg treatment group (P¼0·028; Table 4 ).
Cereal type, vitamin E and storage day
Cereal feed type in the initial analysis did not appear to influence quality perceptions independently of vitamin E level or storage day (Table 3 ). Since one of the aims of the study was, however, to investigate the effects of vitamin E on different cereal types, post-hoc analyses were carried out to investigate which meats benefited most from the vitamin E supplements in terms of juiciness and texture (Table 5 ). The benefits of vitamin E were apparent only in meat from the corn-fed chicken and only on day 4. When the two cereal types were compared, vitamin E was found to enhance perceptions of juiciness (P¼ 0·018) and texture (P¼0·020) in meat from the corn-fed but not the wheat-fed chickens. On day 4, meat from corn-fed broilers supplemented with the 75 and 250 mg levels of vitamin E was perceived to be juicier (P¼0·032 and P¼0·007 respectively) and more tender (P¼0·011 and P¼0·024 respectively) than that supplemented with 500 mg/kg vitamin E. Neither the vitamin E treatments nor the different storage times appeared to influence judgements of the wheat-fed chicken attributes.
Discussion
Factorial analysis of the data obtained in this study found that vitamin E treatment interacted with storage time in influencing consumer perceptions of juiciness and texture in chicken-breast meat. Sub-group analysis showed that: (1) the 250 mg/kg level of vitamin E supplementation was perceived to enhance the above qualities of meat better than either the 75 mg/kg or the 500 mg/kg level; (2) these qualities were perceived to be better on day 4 than day 7; (3) both the supplemental-level and storage-time effects were evident only in the corn-fed meat. Previous studies have assessed chicken meat quality in response to vitamin E supplementation in relation to only one type of poultry cereal feed. The present study is different in comparing the effect of vitamin E in relation to both corn-and wheatbased feeds. In the initial analysis, there was no apparent difference between the two cereal types, and it was later sub-group analysis that showed that consumers rated meat from the cornfed birds as more juicy and tender than that obtained by feeding wheat. Our previous research indicated that variations in the pigment of poultry meat produced by the feed could influence consumer perceptions in other sensory modalities (Kennedy et al. 2004) . Differences in the colour of the meat samples were therefore masked using filtered lighting. Consequently, no differences were observed across any of the conditions in terms of the appearance of the chicken meat. This indicates the effectiveness of using the filtered lighting to mask colour differences owing to product pigmentation or product discoloration that may have occurred over storage time. If appearance had been judged under natural light, previous research by the group (Kennedy et al. 2004 ) suggests that differences in the pigment of the poultry would have confounded any effects of vitamin E, cereal type or storage day upon consumer perceptions. This highlights the importance of controlling product appearance when oro-sensory assessments are being made.
There was no effect of vitamin E supplementation on consumer perception of wheat-fed chicken meat. This would indicate that vitamin E supplementation exerts a greater effect on corn-fed chicken meat than on wheat fed-chickens. The reason for the apparently greater susceptibility of gustatory properties of cornfed than wheat-fed chicken meat to be influenced by vitamin E treatment is not known. Further research in this area is needed. The company participating in this research used 75 mg/kg vitamin E as standard in its feed, and the results suggest that there is no advantage in increasing this for wheat-fed birds. The results of this study suggest that, for corn-fed birds, there may be some advantages in increasing the vitamin E supplement to 250 mg/kg. Mean values within the same rows with different superscript letters for the different quality attributes are significantly different, as determined by Fisher's least significant difference (P,0·05).
c,d
Mean values within the same columns with different superscript letters are significantly different, as determined by Fisher's least significant difference (P,0·05).
Lipid oxidation has been found to be associated with adverse changes in the appearance, flavour and texture of poultry meat, which it may be possible to offset by supplementing the feed with vitamin E. Vitamin E supplementation has been found to be protective against lipid oxidation in poultry meat (Jensen et al. 1998b) . Several studies have demonstrated the effectiveness of supplemental vitamin E in reducing lipid oxidation, by measurement of thiobarbituric acid reactive substances and cholesterol oxidation products (Lin et al. 1989; Jakobsen et al. 1995; Jensen et al. 1995a,b; Galvin et al. 1998 ). Off-flavour, off-odour formation and warmed-over flavour in meat are associated with lipid oxidation. Previous studies, using trained panels, have shown that vitamin E supplementation can delay off-flavour formation as detected by sensory assessment (Dewinne & Dirinck, 1996; Galvin et al. 1998; O'Neill et al. 1998; Bou et al. 2001) , and off-flavour formation has been demonstrated to be highly correlated with chemical indices such as thiobarbituric acid reactive substances. Few studies to date appear to have investigated the influence of chicken feed modifications upon consumer perceptions of poultry meat quality. Our findings imply that vitamin E can bring about improvements in meat quality that are perceptible to untrained consumers.
It has been suggested that vitamin E supplementation decreases drip loss in meat and maintains water-holding capacity (Buckley et al. 1995) , which is associated with increased meat tenderness (Warrwiss, 2000) . An enhanced water-holding capacity has been attributed to the ability of vitamin E to maintain the integrity of the cell membrane, which protects the membranal lipids against lipid oxidation, thereby reducing drip loss (Asghar et al. 1991) . In this study, increasing the feed vitamin E content above the participating company's basal level of 75 mg/kg appears to benefit texture ratings up to, but not beyond, the 250 mg/kg supplementation level. This appears to contradict previous findings (Ruiz et al. 2001 ) that have not found any difference in the juiciness and tenderness of cooked leg meat from broilers fed either a control diet (20 mg/kg vitamin E) or a diet supplemented with 200 mg vitamin E/kg feed. Differences in study design probably explain the difference in results. Previous studies used chicken leg rather than breast meat. Leg meat undergoes lipid oxidation at a faster rate than breast meat (Tang et al. 2002) ; thus, vitamin E supplementation may afford greater protection to leg meat than breast meat.
Consumers in the present study were unable to detect any differences in flavour as a result of vitamin E supplementation, although they did find the flavour better on day 4 than day 7 in the 250 mg/ kg treatment group. Previous research assessing meat quality in response to vitamin E supplementation has tended to use trained panellists. As the panellists in the present study were untrained, it would have been inappropriate to ask them to assess off-flavours, such as warmed-over flavour, as measured in other studies, as they would be unfamiliar with this concept. Dewinne & Dirinck (1996) showed that untrained panels were less able to detect offflavour in chicken supplemented with 200 mg/kg vitamin E for up to 6 d compared with a basal feed. The panellists in this study, in contrast, were required to assess flavour quality using terminology meaningful to them.
It is again possible that apparent differences between these and prior findings in relation to flavour ratings in response to vitamin E could be in part because previous studies have evaluated responses in leg meat and not breast meat as used in this study. It is possible that if dark (leg) meat had been evaluated, consumers might have been able to perceive more of a difference in flavour due to vitamin E supplementation. Since the aim of the present study was to investigate the effect of vitamin E supplementation on consumer assessments of the most commercially important portion of chicken (breast meat), leg meat was not evaluated. It would be useful for future research to consider differences in sensory assessments across different cuts of meat.
There is considerable debate over specifically what level of vitamin E supplementation is optimal for poultry meat quality. Recommendations range from 200 mg/kg (O'Neill et al. 1998) to 225 mg/kg (Bou et al. 2001) up to 400 mg/kg for the control of off-flavour. The studies upon which these recommendations are based have, however, used trained panellists and have again exclusively assessed dark chicken meat. This study, which, in seeking to reflect commercial conditions, has employed untrained panellists to evaluate chicken breast meat, suggests that vitamin E, irrespective of supplementation level, does not result in any perceptible difference in meat flavour. Mean values within the same rows with different superscript letters for the different quality attributes are significantly different, as determined by Fisher's least significant difference (P,0·05). c,d Mean values within the same columns with different superscript letters are significantly different, as determined by Fisher's least significant difference (P, 0·05). ** P values shown for ANOVA on specific day and treatment groups of data.
Given previous research indicating that vitamin E supplementation delays lipid oxidation and extends shelf-life, it was surprising to find that the benefits of vitamin E on poultry meat quality were perceived only on day 4 and only at levels of 250 mg/kg or less. On day 4, corn-fed chicken meat supplemented at the 250 mg/kg level was judged to be juicier and more tender than that which was supplemented at either the 75 mg/kg or 500 mg/ kg level of vitamin E. In general, meat supplemented with 250 mg/kg of vitamin E was also perceived to be fresher and was liked more than that supplemented with either the 75 or the 500 mg/kg level. It would appear that the 500 mg/kg vitamin E level did not enhance the overall perceived quality of the cooked chicken meat and that the 250 mg/kg level was optimal in terms of both consumer-perceived texture quality and juiciness, although perceived differences were not detectable beyond 4 d.
Conclusion
In conclusion, the results indicate that supplementation beyond the participating company's current commercial practice of 75 mg/kg is not warranted for chickens fed wheat-based feeds, but for corn-fed chicken, there may be gustatory advantages in using 250 mg/kg vitamin E.
